It was not until ten years later that Frazer and Sammons independently rediscovered this phenomenon and announced that during the first four hours of in vitro fat digestion little if any glycerol is produced and that considerable quantities of monoglycerides are produced (2) . Two years after Frazer's rediscovery of the limited hydrolytic capacity of pancreatic lipase on monoglycerides, Desnuelle and his coworkers (3, 4) verified the observation of these in vitro studies. These authors showed conclusively that pancreatic extracts produce diglycerides readily, that the production of monoglycerides requires more time and the presence of calcium ions, and that the digestion of monoglycerides requires "a large aqueous phase rich in bile salts" and much more time.
Sch#{248}nheyderand Volqvartz
have made confirmatory studies demonstrating the increasing difficulty of hydrolysis with increase in number of free hydroxyl groups (6) . These workers found that the action of liver esterases on tripropionin produces the diglyceride easily, the monoglyceride with more difficulty, and free glycerol only after prolonged time. Under their conditions pancreatic lipase could hydrolyze the substrate only to the diglyceride. In a study to determine the most susceptible glyceride ester linkages Desnuelle, Naudet, and Rouzier have reported (5) that the proportions of 1-and 2-monoglycerides formed are 2:1, an observation which, if confirmed, would indicate that there is no specificity for the 1-or the 2-positions.
In 1952 (7) and in 1954 (8) Borgstrom reported in vitro studies in which base exchange resins and silicic acid chromatography were utilized to separate the products of digestion, and C'4 labeled fatty acids to trace the course of the reactions. Borgstrom reported that after one hour of digestion with pancreatic lipase the digestion mixture contained considerable quantities of tri-and mono-glycerides but that there was no free glycerol. In 24 hours digestion was complete (7) . In Borgstrom's studies (8) labeled fatty acids were added to digestion mixtures containing triglycerides. It was found that an equilibrium was reached between the free fatty acids and the glyceride fatty acids. At equilibrium the specific activity of the glyceride fatty acids, however, were less than that of the free fatty acids. Separation of the glycerides by silicic acid chromatography, and direct measurement of the specific activities of their constituent fatty acids showed that the triglycerides h&l about two thirds of the activity of the free acids, the diglycerides about one half, and the monoglycerides about one tenth. Borgstrom explained these results according to the scheme shown in Fig. 1 . If one assumes that only the 1-and 3-positions are in equilib- 
rium with the free fatty acids the data are explainable. The fatty acid on the 1-and 3-positions would then have the same activity as the free fatty acids but those on the 2-position would remain inert. This hypothesis would require that 90 per cent of the monoglycerides are of the 2-isomer. To the contrary, Mattson, Benedict, and Beck have recently found by chemical analysis that only the 1-monoglyceride is formed in vitro but that 2-monoglycerides are the predominant monoglyceride formed in in vivo digestion (9) .' To sum up the results of in vitro studies beginning with the 1935 work of Artom and Reale, it has become increasingly evident that diglycerides are readily produced by in vitro lipase action, that monoglycerides are produced with more difficulty and require more time and more exacting conditions, and that the production of glycerol is slow and refractory.
The in vitro studies are confficting with respect to the relative specificity of the 1-, 2-, and 3-positions. Desnuelle reported that twice as much 1-as 2-monoglycerides are formed, indicating equal specificity (5). Borgstrom adducted evidence to show that the 2-isomer is the predominant one formed (8), while Mattson, Benedict, and Beck found that in vitro pancreatic digestion produced mainly the 1-isomer (9) .'
IN VIVO DIGESTION
The past two years have produced a number of important studies on in vivo lipolysis ( 
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Mattson, Benedict, Martin, and Beck (11) found that three hours after feeding triglyceride the lipides of the intestine consisted of 41 per cent triglyceride, 36 per cent diglyceride, 4.3 per cent 2-monoglyceride, 3.2 per cent 1-monoglyceride, and 15.5 per cent free fatty acid. These equal proportions of the 1-and 2-monoglycerides were in contrast to their in vitro findings (9)1 but in confirmation of Desnuelle. That equal proportions do not mean equal susceptibility of the 1-and 2-positions to hydrolysis however, was demonstrated by an experiment with the use of 2-oleyl-dipalmitin ( Fig. 2) . After the ingestion of this compound by the rat, analyses of the intestinal lipides showed that there were about equal proportions of 1-and 2-monoglycerides. The iodine value of the mixed monoglycerides, however, was 64, and of the free fatty acids only 5. This indicates that the palmitic acid radicles must first have been hydrolyzed and half the resultant 2-monoolein rearranged to form 1-monoolein.
More recently Mattson, Benedict, and Beck (9) examined the lipides of the intestinal contents after the ingestion of cottonseed oil, of cottonseed oil with various proportions of 1-monoglyceride, cottonseed oil with varying amounts of 2-monoglyceride, and cottonseed oil with varying amounts of free fatty acids. Surprisingly, after 3 hours of digestion of the oil, alone or with any amount of either monoglyceride, the lipides of the digestion mixture had the same composition: 60-70 per cent triglycerides plus diglycerides, 4-7 per cent 1-monoglycerides, and about 25 per cent free fatty acids. When fed with free fatty acids, there was no 2-monoglyceride found, although there were 6-15 per cent 1-monoglycerides.
In an undetailed experiment, these authors reported that they fed 1-monoglyceride alone and found no 2-monoglyceride, diglyceride, or triglyceride. The observations of Mattson, Benedict, and Beck, upon feeding monoglycerides alone, or triglycerides plus free fatty acids, are in strong contrast to a recent report by Borgstrom (12) . Upon feeding olive oil with labeled pahnitic acid, or monoolein with labeled oleic and palmitic acid, this worker found the label in mono-, di-and tri-glycerides, all apparently produced during digestion.
The resolution of these confficting findings is not apparent at this time. Mattson's results indicating that the 2-position cannot be esterifled during digestion is in support of older studies by Artom and Reale (13) . Beginning with glycerol and fatty acids these workers found it much more difficult to esterify the 2-position than the 1-or 3-.
There have been two recent studies on in vivo lipolysis in humans. Kuhrt, Welch, Blum, Perry, Weber, and Nasset (14) examined the lipides of the intestinal contents of 2 humans after the ingestion of oil. They found the lipides to contain 37.6 per cent and 50 per cent monoglycerides in the 2 subjects. This figure is five to ten times as high as that found by others.
Recently Harris, Chamberlain, and Benedict (15) reported finding 4-11 per cent of monoglycerides, evenly divided between the 1-and 2-isomers, in the intestines of 11 human subjects after fat meals. The free fatty acid content was two to three times that of the monoglycerides. This is similar to the results obtained by Mattson et at. with rats (11) .
Gidez and Karnovsky, in a private communication,2 state that they have measured the degree of hydrolysis by comparing the rate of C'40, excretion after the ingestion of free C'4-labeled glycerol and triolein, C'4-labeled in the glycerol. They found that about 12 per cent glycerol was hydrolyzed during the first hour, 14 per cent during the first two hours, 52 per cent at three hours and 97 per cent at eight hours. Although they have found some free labeled glycerol in the lumen of the intestine during fat digestion they believe intralumenary hydrolysis to glycerol to be slight and that the hydrolysis somehow takes place during transit of the ingested lipide from the mucosal cells to lymph.
In snmmi.ry we can say that the bulk of both in vitro and in vivo experixnents indicates that pancreatic lipolysis proceeds from triglycerides to glycerol stepwise with increasing difficulty, that the 1-and 3-positions are first split, that the 2-monoglycerides probably rearrange to the 1-isomer and that it is the 1-isomer that is finally hydrolyzed (Fig. 3) .
ABSORPTION
Unfortunately
our new knowledge of the steps in lipolysis allow us to draw no conclusions as to which species of glycerides are absorbed. The fact that pancreatic digestion is capable of hydrolyzing glycerides completely to fatty acids and glycerol does not mean that such happens and that no glycerides are absorbed. On the contrary, during the past two years unequivocal evidence has been obtained that the larger part of lipide glycerol is absorbed as glycerides. It remains to be determined whether all the lipide glycerol is so absorbed and whether it is in the form of only monoglycerides, or mixtures of monoglycerides with diand triglycerides.
In 1951 Favarger, Collet, and Cherbuliez fed a mixture of triglycerides and deuterium-labeled glycerol to rats and examined the lymph glycerides for the labeled glycerol (16) . They found that the glycerol was incorporated to the extent of only about 1.5-4.5 per cent into the resynthesized lipides and concluded that very little hydrolyses must take place and that 90 per cent of the fat must have been absorbed as mono-, diand tri-glycerides (Fig. 4) .
The rationale behind this experiment was that if hydrolysis were complete, the hydrolyzed glycerol would mix with the labeled free glycerol and the specific activity of the resynthesized fat, as it appears in the lymph, would reflect the degree of hydrolysis. Unfortunately their as- Favarger's failure to incorporate labeled free glycerol into lymph glyceride need not then be due to lack of hydrolysis.
In 1952 we reported our first studies with glycerides labeled in both the glycerol and fatty acid moieties (17) . In the first experiments rats were fed conjugated trilinolein in which the glycerol was labeled with C's. Sixty per cent of the labeled glycerol was found in the lymph glycerides. (That is, after correcting for biological dilution, the lymph glycerol had a specific activity of 60 per cent as compared to that fed.) It is possible either that the 60 per cent had been absorbed as glycerides or that the glycerides had been hydrolyzed and the labeled glycerol reutilized.
$ In these calculations,
in order to correct glycerol activity for biological dilution, it is assumed that ingested fatty acids undergo no metabolism before their appearance in the lymph and that the biological dilution of the glycerol is the same as that of the fatty acid. The following equation, therefore, may be used to determine the percentage of activity in the glycerol of the lymph or mucosa lipides as compared to the activity of the glycerol fed, corrected for biological dilution. To test which possibility had occurred the labeled fat was mixed with saturated triglycerides and fed. The rationale for this study is diagramed in Fig. 5 . In this example labeled unsaturated and unlabeled saturated triglycerides were administered in equal proportions:
AF
If all the triglycerides were completely hydrolyzed, and the labeled glycerol reutilized, some labeled trisaturated triglyceride would have been formed. If, however, the two compounds were hydrolyzed only as far as the monoglycerides, no labeled saturated triglyceride could be formed. Similarly, the theoretical relative specific activities of the various glyceride fractions can be calculated for any degree of hydrolysis. These calculations were made and compared to the experimental results (Table 2 ). It may be seen that the experimental results fit only the conditions that no completely hydrolyzed glycerol was reutilized and that only mono-but no di-or tri-glycerides were absorbed. Confirmation that hydrolyzed glycerol is not reutilized has come from Wagner and Ritzel (18) . These authors fed deuterium labeled glycerol, free and as triacetin, and found only traces in the lymph lipides. In the same report they presented data to show that triolein, deuterium labeled in the glycerol fraction, is only 24-53% hydrolyzed before its appearance in lymph fat, a figure close to that obtained in our laboratory.
That free glycerol, fed as such, or as glycerol phosphate, does not participate in glyceride resynthesis has been amply confirmed (18, 19) . Furthermore, Borgstrom has been unable to incorporate glycerol and and fatty acids with pancreatic lipase in vitro under physiological conditions (11) .
Since free glycerol or glycerol phosphate are not the precursor of glyceride glycerol, what is its precursor? The most logical compounds are glyceraldehyde or dihydroxyacetone. At the time this question arose, we had in our laboratory a few milligrams of 1-palmitoxy-3-hydroxyacetone labeled in the ketone and palmitic acid fractions. This compound was an intermediate in the synthesis of our labeled glycerol. (20) The material was fed to rats and appeared in the lymph as triglyceride, with the specific activity almost unchanged, acting very similar to labeled monopalinitin.
The appearance of labeled triglycerides in the lymph after the ingestion of either palmitoxy-hydroxyacetone or monopalmitin, with no loss of specific activity, indicates that just enough hydrolysis had occurred to permit the triglyceride synthesis. This suggested an enzymatically controlled reaction, such as would take place intracellularly, rather than digestion in the lumen of the intestine. That is, it seemed reasonable that monoglycerides are absorbed unchanged and converted to triglycerides in the intestinal mucosa.
A corollary of this hypothesis would be that phospholipides are not ss Olnicol Chmlstry (Table 3 ). The relative specific activities R, of the lymph and mucosa phospholipide glycerol were between 38 per cent and 48 per cent, while those of the triglycerides were between 54 per cent and 73 per cent. It thus seems clear that phospholipide must be formed from triglycerides rather than the reverse.
Gidez and Karnovsky have just informed me that they have unpublished data also demonstrating that the mucosa phospholipide glycerol has a lower relative specific activity than the triglycerides. A surprising observation was the presence in the lumen of the intestine of phospholipide glycerol with a relative specific activity of 100.
The demonstrated limited capacity of lipase to hydrolyze monoglycerides, as well as their rapid absorption, the proven fact that hydrolyzed glycerol does not participate in glyceride resynthesis, and the relative specific activities of labeled glycerol in ingested and lymph triglycerides and in mucosa and lymph phospholipide, have tempted me to construct a modified hypothesis of fat absorption (Fig. 6) . Considering, first, the changes when monoglycerides alone are fed, the hypothesis that these are absorbed into the mucosa and there converted to triglycerides with no loss of glyceride glycerol, fits the experimental data. tinder these conditions there would be no loss in relative specific activity.
The hypothesis for the mechanism of the digestion and absorption of triglycerides is diagrammatically presented in Fig. 7 . Triglycerides are hydrolized in the intestine to monoglycerides. The absorbed fatty acids combine in the mucosa with the absorbed monoglycerides and with the glycerol precursor in the proper proportions to produce triglycerides with the observed relative specific activity of 60 per cent. This step requires the postulate that monoglycerides and endogenous glycerol (or its precursor) compete for the absorbed fatty acids in the ratio of 3:2. Two molecules of this triglyceride may then combine S Ga + ba with one molecule of glycerol precursor and one molecule of a phosphorylated base to produce phospholipide whose glycerol, therefore, has a relative specific activity of 40 per cent. This scheme is presented as a working hypothesis only. Actually, there may be up to 10 per cent hydrolyses of monoglycerides in the intestine. Also, a number of alternative schemes could be designed which would fit the same data. However, this scheme seemed to be the simplest and most reasonable. I hope it may be of some help in clearing up the many mysteries which remain unanswered in this intriguing problem.
